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IllDUCT SYSTEMS
.. . .

. ‘~y Ohakles H. MoLellah and”Mark”R. l!JiohQl&.,. .. “..
. . . . . .. .,

“ SUMMARY “. “ “ , m “ “. . ..“.- . .“

An invbatigatiok”was conducted-to tletermine.the
properties of diffuser-resistance oombin~tiohta. Thita
work applies to the de,elgn of airplane oooling duets In
which alr ‘i.EIexpande~ Iti front of reetstanoe?i su~h-as
rodiatorm, oil ooolezs, Sntercoolers, or the oylindera of:
an dir-cooled engine. The msgnitude of the- resis~ence
Prid the boundary leyes present ~t the “entrance of the dif-
fuser wepe.syaterc~t~anlly v~riod for ench of e tierles.of
diffuser shapes for expansion ratios bf 2:1 ~nd 321. The.
effeotn of” these variatlone oh the diffuser-keilstanoe ef-
ficiencies, on the diffuser effiaiencise, and oa the ve”-
loc~ty distributions across the resist~naes were studied.
Good diffuser shapes were determiried for a wide range of
oondit~one.

.“

- The results show that the preeenae of a re~ietanod
at the rear of a dlffuaer allcwe the expanslon”to be made
muoh more rapidly for a given expmnslon energy lees than
IS possible with a diffuser dischmrglng Into’e etrelght “.
exit tube. The greater the resistance, the higher Is the
expansion rate that oan be utaed for a speoified expansion
energy 1008. The results also.show the larg~ effeot of
the eatrance boundary layer. The initial increments
taupe a rapid decrease in the diffueer effloieaoy ob--
tained by a given .diffuser.~hape~ Purther ~ncreae”ee” have
little addlttuna~. effeot. ‘ . . ...“.“

I
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8 Inoorporal%d in a.modern. airplane are a“gk~at..hany .
duet.s’that” oonirey air to hebt exbhangetis’, oomprokeors-;
carburetors, and similar devicee.: It Is.:hlw”ays neoaowa~
in this prooea~ to inoreaee or dao=enae the, air velo~lty
ae the oooeel.on d“~mandg, To intireas”e.tha””ve.loclty i? aa
effio.lent.mannei 19 a eimpli3 matter; but. to.deoreaee dt

f effiolently in aotual airplene installations Is “often”
I
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more difficult beomse there usually is insufficient
space to house diffusers of the low expansion rates oom-
monly considered to be desirable.

A number of methods of Increasing.the rntes o.f ex-
pansion heve been tried with varying degrees of suocesg~
such.es the use of venes or boundary-layer control. Eor”-.
tunetely, high rstes of expansion may also be used with
good efficiencies by taking ~dvant~ge of the resistances
to the flow imposed by a best exchpnger. This arrange-
ment eliminate the nezeGslty of using guide vnnes or
boundfiry-laver taontrol.

. .

In experiments oonducted severel yeer~ ago at
Langley Memorial Aeronautical Laboratory with a duct sup-
pl~ing air to a radiator, it was discovered th~t the flow m
did not separate from the diffuser in front of the redla-
tor even though the expansion rate wae unueually high.
This finding suggssted the present basio investigation
for determining the properties of diffusers followed by
resistanceeg
.

This investigation was llmited to aonical diffusers
of expansion ratios of 2:1 and 3:i. Six resistances hav-
ing oonductivities renging in magnitude from that of a
rsdial engine to a radiator were covgred. The diffuser
shapes and the rates of expansion were
wide ranges. The effect of an initial
various thicknesses was also studied.

APPARATUS AED METHODS

veried through
boundnry layer o~

..
, The tests were conducted with a blower that sucked

air “successively through an entranoe tube”, a Ulffuser, a
resistance, a damping ohamber, and a venturi for measur-
ing the quantity. (See fig. 1.) Sucking the sir through
the s?stem allowed the condition of the air at the en-
trance of the diffueer to be determined by the entranoe
tube alone. The thickness of the boundary layer at the
beginning of the diffuser wsa a function only of the
Reynolds number, the entranoe-tube length, and the smooth-~s
ness of the entranoe tube-

The Reynolds number of these tests veried between “
250,000 and 600,000, baaed on the diameter of the en-
tranoe tube. .
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Preliminary tests indicated that the effect of”tube
Xength- oti”the”behavior of the-d~ffuaers was quite notioe-
sble for tubes of 6 diameters and less in l“ength;longer
tubes had little additional effeot. The length of the
entranoe tubes was therefore oonfined to lengths ranging “
betwesn 0.12 end 6 diametera. The free air wne ellowed
to flow tnto the pipe with thb aid of a well-rounded en-
tr.aaop bell.

“ .!Ehediffuser shapes. (fig. 2) were formed of plaetl-
oine. Preliminary teete were mnde usinga large variety
of ehepee, bat these shapes were later limited to a few
types that were found to be aat%efaator?.”

A series of interchangeable acreene (table I) were
used to reprgsent the resietsnoes encountered In airplane
design. This arrangement satisfactorily represents i’e-
sietanaee that have a eerlea of air paesages parellel to
the direotlon of flow. (Most radietore and oil coolers
are of this type.) These resistances may be represented
by a eoreen beaause little radial flow oan take place
through either the soreen or the resletanoe and the vs-
looity distribution $e the Oame nt the renr as at the
front of the resistance in both ceses. . .

Resistenoes ouch as oil coolers have often been rep-
resented by a aeriee of screens ~paoed over the actual
length required by the resistenoe. Suoh an arrangement
does not represent the aotual flow through the resistance,
es radial flow can take place between the layers of
soreen and the veloeity d~strlbution ie”different “at the .
reqr of the resistance.than at the front.” Some. types of
realfltanaea oannot he reyreaented aatisfaotorily by
ecreons whether they are all in one plene or distributed
over the length of the spaoe.required by the a~tual re-
eistantie. A resistance of this type 1S the tubular inter-
oooler, in w~ioh the oenter line of the interbooler tubes
ie perpendicular to the dtreotion of the oooling-air flow.
In this aase the resistance itself allowIM flow perpendic-
ular to the duet axis through the resistance.

After passing through the resistance, the a3r passed
through a short len-gthof straight. tube and then into a
damping chamber. (See fig. 1.) The purpose of this oham-
ber whloh oons~sted of a oonioal expansion with a eoreen
at the largest diameter and a converging seotion dlreotlng
the air to the calibrated venturi wnq to damp out eny os-
cillations in the air before it rea~hed the calibrated

,
) i —.—.—- -— — .- -- —
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venturi used to determine the quantity of flow. A oon-
stant oalibrstion pf the venturi was maintained by the
use of this damping chamber.

In order to obtaip the efficiencies of th~ system it
was neceessry to measure the total and etatlc pressures
both before the expansion and after the resistance. (See
fig. 2.) The total and static pressures were not me=s-
ured at the front faoe of the resistance beonuee eccurste
measurements could not be obtained at this poi”nt.

The tot~l-preaeure survey before the diffuser was
made with a fine wedge-shaped totalTpres9ure tube with an
opening of about 0.005 by 0.05 Inbh and an outside size .
of 0.010 by 0.06 inch. Thle Instrument allowsd total-
pressure measurements to be taken within 0.005 inch of
the wall. The exact location of the total-pre~sure tube
wag determined by a micrometer ecreiw as it tr8veraed the
entrance tube. In moat casee the statlo pressure in the
entrance tube wns me~sured by surface oriflce~ In the
tube. This method wca aufflciently accu~ete to be u=ed
in determining both the velosity distribution of t~e dlf-
fusev entrance and the entrence-tube leases even for the
short entrance tubea since the large entrance bells
cauaed a nearly uniform induction of the eir Into the
entra~oe tube.

ThG total and at~tic preaaurea behind the reaiatance
were measured by a at~tionary rake conflating of five
atatio tuboa end nine total-pressure tubes and extending
from the WF.11 to the center line of the exit duct. A lo-
cetion 1 inch baok of the screen was. chosen beomae. the
velocity diatrlbution here would be, for all prpctlcal
purposes, .the same aa the distribution immediately in
front of the reaietance. A rake closer to the resiatence
might heve been influenced by the indivldaal wlrea of the
aoreen.

AMALY S1.S

Symb o1s

The followlng symbols nre,uapd:

A area of duct aeotlon

d dismeter of entrance tube
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E

. .
K

v“.

~D.

“to-tal”-firesflurd.-..---- -—. ., .,

ooiaduotivlty of reslstanoe” “
..

length of entranoe tube

stat~o pressure .

pressure drop aoroea reai@tanae for given quantity
of air transmitted per unlti time for uniform flow

d~namia pretasure

quantity, of air passing through duet eeot.lon paJ?. .
unit time .. . .

. .
radiue

radius of duct

rediu~ between entranee tube and diffuser cone
(See fig. 2.)

radius between.ooniael portinn of Uffutaor and front
of. reeiatanoea (See fig. 4!.) . . ..

veloait~.o-f- air

veloalty at center of dust

p mass density of air

f 2e equivalent diffuser cone angle (See fig. 2.)

I

..
2P dl+erging an le .of titrhi”lit oonioel seetioa of

diffuser f 7. s?~ rig.. 2. “

I no diffuser efficiency’ ..

I
at diffuser-re8ietanoe ef?iaienoy

An average ~alue obtaine~ fro-m an integration against the
quantity of flow acrose the etream in ehown by a bar
above t-hesymbol. Subscripts 1, =, and a refer to the
corresponding seations In figure 2.
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Derivation of Formulas “

..........“. .-
The ooeffioient qe represents ‘the eff~clenay of

the conversion of kinetlo energy of the”~lr.entering the
diffuser to potential energy. 3’rom this definition the
effioienoy ia .... . .

. .

Wh.&n the” small “change In alr denelty. due to tne expansion
is neglected and average pressures are substituted for
integrated pressures, the efficiency beoomes “

.:

The” doefflcient it ie”ari over-all. effloiency of

the expansion-resistano6 system. The useful work of the
system is regarded as the work expended In forolng the
air through the resistenoe for uniform flow. The work ex-
pended is the loss In energy of the nir from the entrsnce
of the diffuser to the reah of the resistance.

!J!herefore,
..

. . .

or

. .

Apr
nt=_,.

Ji:~-Fa..

,

J..
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The oonduotivlty AS a flow coeffiotent defined es ‘

..-,. . - . .. - -. -. -,.,, ,., .-.. . . . . . .“

and olnoe Q - AaTa

“x=J~ ~ ‘.....“

ihe ‘ratlO.Of Ap=/~a ie frequently used In plaoe of the

aondtic%ivity. The relation between Ap=/~a and lS ie

ehown ,In figure 3.
...

OonverOlon of Vt to ne

The diffuoer efficiency qe. ooul~ not be direatly

obtained tn these experiments because of the difficulties
involved In obthinlng meae.uremente of. pressureg direotly
Iii front of the reeietanae. A mathematical method was
thetiefohe devlaed to obtain ~e from “nt, the over-all

efficiency of the eystem. The relatlon between these two
effi”clenoies was foutid to be

.

The oonvereion ohart (fig. 4) was developed from this re-
lationeh3p.

Thle oonverslon method 10 based on .the.aesumptlon
“that the preoeure d“ropaoroee the reslstanc?e Ie the same
under .teet oondit~oneids it would be for uniform flow.
The oonverslon, therqfo~e, :ie inaoourate where the veloa-
Ity distribution through the-soreen Is nonuniform.. The
diffueer efflcienol~e o~tained by this oonverslon method
when the velooity distribution ie poor will be lower than
the aotu81 8ffiCi.t3nGieS*.~ortu~ately, all the diffusers
exoept those with very high anglee and With large values
of oon.duativity for the 3:1 oxpanei.onratio had good

.
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velooity diatrilmtions through the reslstanoe. The. error
inaurred in ustng the conversion ohart or the equation lo
therefore very emall exoept in the few oaees Juet men- .
tioned. ..

RESULTS A& DI”8CUSSION

The velooity dietrlbution or boundary-layer thiok-
ness et the entrance of the dift’ueer for the various
lengths of entranoe tube are shown In figures 5 end 6.
The length of the eqtrpnoe tube had a considerable effect

.“on. the diffuser=resiqtenoe effiolerioy, es in ole~rly
.sbown in figure” 7: The efficiency decreased very ”rapidl~
at first ~s the cntranoe length WBS inareesed but, as the
length became greeter, the effect of length on efficiency
beosme smaller. At a length of about elx times the diam-
eter of the entranoe tube the effe~t of further increase
wes negligible. Apparently, the initial boundery leyer
wae the meet.detrimental and further increeee In thiok-
nesd had little effect. . .

.Th6 oonductivit? of the resistahoe is one of the
main”.variablee- affeoting ‘the afficlenayof the .diffuser.-
reei~tanoe a~etem. Decreasing the donduativity increasea
the effioienoy in two were. l’lret, it csuses an improve-
ment in the diffueer effioienoy beoause the demmlng-up
effect of the stream due to the reslstenee results In
epreadlng the stream and retarde eeparntion; end, aeoond,
It raiees the pressure drop earoee the entire system,
thus making the loesee in the diffuser alone e smaller
portion of the total loseem scrose the diffueer-reslet-
anoe eyetem. The seoond effeot, of oourse, Is algebraio
and doee no$ Indicatp an Improvement ~n the flov of the
diffueer. The effects of the cdnduotivity on the maximum
diffuser-reeistpnee effiaienoy are ehown in detail in
figuree8. and9.. . . . . .. ., .. . . .

The vgil,uq.;.ofthe”.conductivity K $’or several-of ‘.
the .resietanpes .enoount~red In airplane Instellstione mag
be of interest.. Oil cooleiq and redietor~ h~ve values of
the order of 0.4 while Intercoolers ere usually in the
neighborhood of 0.29 . Hodern two-row radifll ?Iroraft
engines of 1000.to 2000 horsepower have” K ~alues rang-
ing frqm 0.10 to.O.17, ha~ed on tlie over-all diameter of
the engine. If.tihese .K veluee are based on the portion
of the. frontal area of the engine through which the oool-
Ing air pataees”, theee values ~ould range from 0.26 to 0.4.

,- -,. .,,-..,l-mm-, , ■ ■
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The most tmportant Yariable, the only one.orer whioh
much oontrol oan be lied in aotual inst,allatlons, is the-.
diffuser eh-afia: “ zn’th~s investigation-t-he diffueer ehepe
was defined by three quantitine: a radius ~.at the

entrenooe of the diff~eer, an angle 2P of a oone tsngent
I to Ru, and a radius Rd tangent to the oone through
.

the Interssotioh of the iklffu~er with the large diametert
exit tube.. (See fig. 2.) At high angles the cbnloml
seotion disappeared and Rd became tangent to ~.

. . .“

Tho raddu~ at the .diffu”se.rentrnna.e’wane found” t-o
have only a dmall effeat. lrom the tests made, apparently
the only requirement of a is that i“t should be large

enough. to remove the abruptness of the corner. .The Yalue
used wes found to satisfy this requtremeat.

A etudy .Of the requirements for Rd . indlcatea that

a value should be used which would keep the dlffuaer walla
within the region Influenced by the high static preaaure
immediately in front of the realatanoe. .Th? value of the
Rd Uabd w~a obtained from a.aeriea of teate whioh showed
that a value of about C.33Da waa apparent13 slightly
better than *he other radii tested. Z’hia value gare
aatisfeotory reaulta until the diffuqer beoeme so short
that the beginning of the curve wa.a rery abrupt. Beyond
this point R~ wee allowed to be equal to 0.167Da. .

The angle 2B of the oone h~d a large affect on the
diffu.ser-reeiatanoe effloienoy. This effeot ia shown in
figures 10 to 13. For a given effeotive angle, oonduo-

1 tivity, an~ expanaion ratio, the efficiency vna plotted
~ ageinat the oone. angle 2P. These curraa ehow”that tha

meximum p-oa~iblevalus of 2P produoed tha higheat. effi-
oienqy St low effectlre anglea. At larger effectlye
anglea the affioienoy waa found to be a maximum at valuee .
of 2P oonaiderably below the effeotlye angle ae. These “
Ourvea alao show that tha Ioaaea In over-all efficldnoy
ara not large if 2S- la Yarted,alightly from tha value
for maxlmumeffiotency, except at high.oonduotlvitiea. o.

.. ..

t

Tigures 14 and 15 show the diffuser shapes that pro-
Yided the highest efficiency of th8 ones tested. These
ahapea were obtained from nn extenaira preliminary inves-
tigation and a~e b81SQVt3d to have very”nearly (if riot
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acitnally) the maximum efficiency that can be obtained
without the use of diffusers embodying boundary-layer
oontrol or other aids to dlffus~on.

The velocity” ”an~”etetlo-pre~r+ure distributions lm-
medlstely behind the resistance are shown in figure 16
for sample casee of the optimum diffuser forms presented
in figures” 14 and 16. The velocity-distribution meeeure-
ments chow that the flow wee nearly uniform through the
resl~tance in ell liut a few casee In whioh the conducti-
vity weis hi-gh and the expansion” wee mada ~t. a high engle,
suoh as the two oonditione of high conductivity (K of
nearly 0.6) Hho,wn in figure 16(e) for 2e = 64.8° and

The velocity-distributlom curves were veryAa/A~ = 39 .

good for all the reslet~noe.s used with the diffuser forms
shown In figuree 14 and 16 that hnd exppneion angles less
than 30° end were aleo very good for the high-angle dif-
fuser forms tested in conjunction with the high-resistance
soreene. The Htatlc diatributlon plote chow that there
Is little radial flow through the eoreens, even at high
conductivitlss,. and that this. flow becomes less and less
an the. conduoti~lty ia decreaeed.

It mey be noted that the velooity distributions In
figure 16 do not average exactly one largely because the
average veloalty is oalculete& from the dynamic pree~ure
in the celebrated venturi rather than from the integrated
average of the” loanl velocttie~.

The efficiencies of the diffuser-re.sietance combina-
tions are presented in figures 17 and 18 for the two ex+
pansion ratioe. Those for the 2:1 expansion ratio are
very high at low effective angles. No apgreclable de-
crease ocours for angles up to about 30°, exce t for the
conductivity of 0.6 with e long entrance tube 1thiok
boundary layer at the diffueer entrance). At nnglee
above 30° the effiolenciee drop off considerably for the
higher oonduotivitiae; but for K = 0.2 the efficienclee
remain above 96 peroent over the entire range tested. .
This result, of cour~e, does not me~n thst the diffuser
efflolenoiee will be high but thet the diffuser losees
will be very emall in oomperison with the losses acrose
the resietanoe.

The effioienoles of the 3:1 expansion ratio are af-
fected approximately the B13mt3 by the eeveral variables.
All the efficle.noles are obnei~erably lower, however, then
the efflclenoiee of the 2:1 expanelon ratio for oorree-
ponding condition.



.

11

The effect bf the resistance on the &lffuser=alone
‘effisienoy-.ia”pahtly.~-shownin figures 19 and ~0. The
results with both the 2:1 and” the 3“:1 expanaiQn rat”ioa
Bhow condi~brabl$ higher diffuser effioienoieti. wi~h low
values of K than” with high values, am would be expeoted,
The dlfferenod, ““ingenbral, is greater at high anglse
whore the dlffuaer losses are greater. With the 2:1 ex-
pansion ratio the effect on the efficiency of ohang~ng K
wag muoh lees when the “boundary layer was almost zero in
thtokritiss. “The ieeulte”wlth the”3:l oxpanslon””ratio .
showed oonslderable bffeet of changing the”“resistance
under ell conditions. .. . ..-. {

.An”irM.loat30n of the improvement In diffudey “eff~-
oienoiea due to the preeened of a reeietanoe oan be ob-
tained by oompqring the present resulte with those given
by Peters (reference 1) and Gibson (reference 2). Thie
ooqpari.eon Ie shown in figure 21. “ Though some difference
in the.efficiencies ma~ be due to difference L.n the test
oonditionsr meet of it is undmzbtedly due” to the presenoe
of the reelstsnae et the exit of the diffuser on theqe “
teats; It should be pointed out that the initial bound-
ary-leyer aonditlone are unknown for the “tentg of refer-
enc%ee 1 and 2, whereae the preeent efficiencies correspond
to” the conditl.on of the thlckeet boundnry layer obteined.

In .flgure 21 .an inconeietency may be noted in that the
efficiency of the diffuser is lover et high angles for the
2:1 expsnsion ratio than the 3:1 expsneion rat”io when the.

● Oonduotivity ie 0.2. Unfortunately the eocuracy of the
curve is poor at extremely low valuee of K with an ex-
paheion ratio of 2:1. A etudy of the converelon equation
chows that, at lov valuee of K aad Aa/A2, any error in

● “the over-all efficiency is multiplied many times an oon- . .
vertlng It $0 diffueer effioleney. At higher values of

Aa /Az and K the aocurapy of the conversion process be-. –,
i oomes.vtiry goodb

\

.. . .

. .

I SUGGESiti” i&IOD l’OE DMSIGMIEG DIYI’USERS IllE’ROltTOr

R31SISTA19CES IIJAIEPLAEU DUCTING SYSTEMS
.. .., ,. ....“.

..
The len~th of the .diffueer ie obyiou-aly the most im-

portant consideration In i.te design; great care ehould
therefore be exqroie”ed. in looating the varioue heat ex-’
ohangere, eompreeeora, and eimiler devlaee so that euffl-
oient diffuser lengthe m~y be obtained to tneure efficient

11 ,..-.,,, —.., .-
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flow. If the various units aan””be so located that oonfoal
dlffueerq of”approximately 7° included angle may be utl-.
lised, the system will be about ae emfftclent as possible.
(See re%ereno8 3. ) If the epace available doee not allow
a 7° oonlcal. dlffueer.to expand the a%r the rea.ulred
amount , ae ie usually the caee, the following layout pro-
cedure ie suggested for the case where.a reslstanoe fol- .
lows the diffueer:

(a) Lay out a 7° or BO oonlo diffuser, etarting
from the du”ct entrance. (See fig. 22. ) .

(b) Lay out a cone of, say, 20° ueing the resietanoe
es the base and projecting the” elemente baok until- they
i.ntereeot the 7° or 0° entranoe cone.

(c) Cheek ratio of duct area at resistance to that
at intersection of 7° end 20° ooneta. If this expaneion
ratio IS lees then 3, the diffuser is wlthln the ecope of
these teste and ie considered to be satisfactory. Draw
in diffuser In detail, according to figuree 14 and 15.
The value of lid used .should correspond to the thiokeet
boundary layer encountered et any point at the entrance
of the diffueer. Thu e, a diffuser aloee to the entrance
of e wing duet could use a low velue of ijd. On the
other hand, a diffuser close to the entrance of an under-
slung fuselage duct would usually require e high value of
Z/d because of the thick boundary layer present at the
side next to the fuselege.

A certein amount of l~titude may be exeraised in the
design detaile to suit the CSS.S in question. ~or in-
etance, most dust paseagee in actual inetqllations will
not be oircular in croes eeotion. Altkough a great deal
is not known about the behavior of dlffueers other than
those with clroular crose seotione, It seems reasonable
that the rate of expansion should be slightly leee for
other aroes seotions eepecielly for reat~ngular duets
where ths air in the corners is actually expanding at a
much greater rate than the air along the center of the
sides.

A possibility suggested in reference 4 for diffusers
looated Immediately behind an entry i.n whiah the entranoe
veloaity is lese then frse-stream velooity Is that of
using ahlgh rate of expaneion just back of the entrance,
thereby taking advantage of the Initial divergence of the
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streamlines at the entry. When the entranoe remains llned
D.- up ,with.,theQIre.otion of the.,approaobihg air stream, a

high angle of diyergenoe orm probably be used with good

1.
efficiency by taking advant~e of thie”effsot.

.

ooMoLusI,olW -
F-..

The results of thie ln~eatigati.on I’xidicated that;.—.

1. The presence of a.resistance at the exit of a
diffueer allowed the expansion to be made muoh.more Pap-
idly for a given gxpansfon enargy loss than was possible
with a dlffusctr dtsobarging into a straight e%lt tube. .
The diffuser ioszes wsre fcnmd to remain small for ln-
oluded angles up to 30° w~th conductivaties up to 0.6.

2. The velaalty distrl?wtton over the face of the
resistances wes found tG be r.e~rlyuuitorm fOr all oon-
d.ltlons cxcapt for combinations of hich eqansicn angles
and low realatanaea, whioh oarresponde~ to ineffloient
diffuoere.

3. The oonduotivity of tbo reelstanoe had an impor-
tant effect on the diffuser efflolenoy: the greeter the
reaieta~oe, the higher was thn diffueer efficiency or the
greater wee the alloweble expanelon sngle for the seine
li)oaeem

4. The thloknees of the entranoe boundary layer had
a “ooneiderable efyec!t on the effioienoy. The in~tial in-
oremente of boundary Zayer aa%eed a rapid deorease In the
diffueor efficiency obtained b~ a given diffuser ehape.
Iurther inoreaoee had little additional effeot,

5. The oorroot dee%gn of-tho dtffuaer form for eaoh
expanaion ratio, diffuser length, entranoe boundary-lnyer
oondition, ..ti reeietanoe value waa neoeaeary to obtain
the highest diffuser effioienoy.

Langley )(emorlal Aeronautical Ijaboretory,
Bational Advieory Oommittee for Aeronautioe,

Langley l?ieid, Va.
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